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Control  of  Insoot  paata  In  food>;»^>o«aelng  plant*,  atoro- 
houaas,  and  In  atorad  proditota  l>7  noana  of  fUslsation  la  a  yrj 
vldaly  aoooptad  praotloe.  Ell-nlnatlon  of  tbaa*  poata  In  tba 
food  Induatrloa  la  a  aattor  of  oonaldarablo  laportanoe  both 
firaa  tb«  oooDoalo  aa  vail  aa  tha  public  health  atandpolnt. 

3oooasafal  fualgatlon  lo^etloa,  of  oouraa,  la  dapondant  not 
only  on  afflolant  daatruotlon  of  tho  Inaaot  but  aleo  on  doing 
tbla  In  auoh  a  aennar  that  toxic  or  undaalrabla  raaldaaa  do  not 
ranaln  In  tha  flnlahad  reroduct. 

taoas  tttfl  aaiqr  oowMPOlal  fkalganta  uaed  at  praaant  aathyl 
troalda  la  on*  of  tha  aoat  reoantly  davolopad.  Zta  uae  i^iaa  ahovn 
•  taraaaadoiia  Inoraaaa  within  tha  paat  f««  yoara  boeaxiaa  of  Ita 
advantae*oua  handllnc  and  toxlo  oharaotorlatloo  to  Inaaet  Ufa. 

Zn  1304  rorkln  (1)  raportad  the  pronaratlon  of  -jathyl 
brooldsi  Ita  aarly  \u»   waa  In  tha  aodlolnal  flald,  and  for  tha 
BTnthoala  of  siathyl  eoapounda  aaployad  la  tlia  aanufaotura  of 
aniline  dyaa*  Later  on.  It  attained  oonaldarablo  popularity  aa 
a  firo  axtingulahins  agent  In  alrplanea*  Alao,  it  waa  uaed  alzed 
with  otiior  ftmlcanta  to  prevent  fire  hasarda*  In  19SS  Is  Ooupll 
(2),  «i  entooologlat  of  the  Trenoh  goremaant,  working  with  a 
alacture  of  tbla  organic  ballde  and  ethylene  OKlde  found  that  the 
foraer,  av^vpoaedly  only  a  fire  rotordant,  waa  store  toxlo  to 
■nlMil  llf*  than  the  latter.  Later,  Vayaal'kre  (5),  de 
Tronoollnl  (4),  Leplgre  (6),  and  Shapard  et  al.  (0)  did  work  on 
Ita  Inaflctloldal  propertloa  and  relative  toxicity,  and  found 


tbu  to  ooapare  tavorablj  with  tlioao  of  tba  aost  pot«nt  Inasot 
funlganta  «aoh  ea  hydrooTanlo  aold,  ohloroplorln,  and  etbyleiM 
oxld«« 

JaoQg  tbtt  fvaalganta,  hlj^  vapor  preasurs  la  ona  of  the  out> 
standing  faaturae  of  oathyl  broalda.  Ita  boiling  point  la  4.6^0 
and  It  haa  a  vapor  Troaaxiro  of  7S0  aa,  at  2S**C;.  Tlioea  ohar- 
aotarlstlos  swlco  aethyl  broalda  a  ciaa  at  oorawl  rooa  taspara- 
toro,  vlth  en  ajcoaXlent  iHita  of  dlffualon.  Aooordlng  to  0mm 
and  Cotton  (7)  niethyl  bromlda,  booauao  of  Ita  rasaorlcablo  povara 
of  panatratlon,  la  tha  aoat  off lolont  fu3l{:a&t  laiom  for  tba 
troatTMnt  of  w&robouaea  flllod  with  bagt^ad  oaEtaodltles.  It  haa 
Bia  ability  to  roaoh  thoaa  Inaecta  aabaddad  In  tha  product  that 
usually  esoape  the  aotlon  of  Xaao  volatile  funlganta* 

Savaral  invaatlgatlons  have  daauutratad  that  there  are  no 
hanaful  offocta  froa  roalduaa  In  foodatxiffa.  Uowover,  oobj- 
plalnta  oocaalonally  do  occur  regarding  tlie  unplaaaant  odor  and 
taate  of  baked  produota  produced  fron  flour  l^xalgated  with 
aethyl  broolde*  It  aeena  to  be  very  likely  that  thoaa  altera^ 
tloaa  occur  nAien  flour  beooaoa  oxpoaed  to  exoeaalve  eaounta  of 
fualcant. 

Ttie  object  of  thla  reaearoh  waa  to  deteralne  the  natiiro  of 
Vb»  aodlfloatlona  occurring  In  aetbyl  brosalde  fusl^^ted  flotir 
with  particular  z^feretnoe  to  tbo  oonatltuanta  reaponalbla  for 
the  developoont  of  undealrable  odor  luid  taate.  Further,  It  waa 
daalred  to  atudy  the  effeota  of  aolaturo  <m   the  uavptlaa   (ooe»- 
blnad  adsorption  end  abaorptlon)  of  the  aethyl  broalds,  and  any 
altaratlono  of  tlio  ptiysloal  proportlea  of  dou^h  aubsequant  to 
ftralcatlon* 


RKVm  OP  tZTSRATt.'nS 

To  data  siost  of  the  papora  on  aothyl  brosilxJa  daal  vltb 
t«ofanl<iuaa  of  oosaaorclal  ftnl^tlon,  toxlolty  on  laborAtory  ln> 
aaot4i,  and  offeoto  of  brotalde  raalduea  in  foodatuffa  on  laboora- 
tory  anisiala* 

iCaolcla  and  Cartar  (3}  praaantad  bgew  of  tha  flrat  avldenoa 
In  favor  of  tha  uaa  of  aathyl  broolda  ia  tha  fMlgatlon  of 
Infaatad  fraah  vegatablaa*    tba?  olalaad  that  ualoc  nozval 
doaagaa  tha  vagatabloa  wara  not  daeiagad.     Sackia  (9)  axplainad 
that  tha  tozlo  offaot  Is  dua  to  tha  rapid  hydrolyola  of  tha 
f^aalgMit  in  tha  praaanoa  of  aolatura  to  fora  hTdrobroalo  aold, 
aatbanol,  end  fonaaldahTda.     On  tha  othop  hand,  Phllllpa,  Monro, 
and  All«i  (10)  fdund  that  sathyl  hroolda  la  poreotloal  In  tha 
dastruotlon  of  Isaaota  In  harvaatad  applea,  althou(^  undar  oar- 
taln  oondlt'ons  tha  traataiant  raaulta  In  both  extomal  wa& 
IntamaX  Injxiry  to  the  fwlt* 

Oudlay  at  al*   (11,  IS}  found  tliat  dried  frulta,  Crctb.  frulta, 
moA  vagatabloa  absorbed  talnor  quantities  of  tha  funlgant,  but 
siLllad  {^ralna,  ohaoae,  nuts,  and  nut  maata  abaorbad  graatar 
aBK>unts.     Thoaa  autSiora  ballovad  that  alllod  grains  sorbad 
aiora  aethyX  bt^nlda  baoauaa  of  thalr  graatar  aurfaoa  ar«a,  vhila 
tha  oily  and  fatty  foods  abrbad  larca  qxiantltios  of  the  fiaalo 
gant  baoauaa  of  Ita  solubility  In  fats*     TiMy  alao  datamlnad 
tbat  tha  broBtina  raalduaa  norcially  wioountarod  In  ^9dd*  ^^i- 
satad  with  aatiiyl  braalda  ara  baxvlaaa  to  laboretcoTy  anlaala* 
Othar  authora  (IS,  14)  alao  hava  found  that  tha  inoorporatlao 


of  lnca>ganio  brcaldoa  In  «xp«r}»antal  dlsta  did  not  produo* 
deloterloua  effects. 

Stiepard  And  ZSusloky  (!&}  pFos«it«d  evldenoe  on  tb«  toxlolty 
of  different  ftnigants;  thef  wore  able  to  show  tliat  notfayl 
tirctald*  has  c  delayed  effeot  on  Inseota;  those  exposed  at  ooo- 
oentratlons  bicker  tlim  neoesssry  to  kill  100  T)ero«nt  seoaed 
naturally  active  Iss^adlately  after  exposure*  Bydroeyanlo  aold, 
on  the  oontrary,  doea  not  eihlblt  delayed  action*  These  auUiors 
reported  that  baking  toats  with  flour  fual^ted  wltti  aethyl  bro» 
aide  at  two  pounds  per  1,000  cubic  feet  showed  no  detectable 
Injury,  Young  and  Sayfleld  (16)  have  ahown,  on  the  otiier  hand, 
that  hydrocyanic  sold  yiMn  used  aa  a  flour  Anicanfe,  produced  an 
appreciable  and  detrlatontol  Influence  upoo  the  bread  quality* 
This  effect  was  not  apparent  after  thorough  aeration  of  the 
flour* 

Sfothyl  bromide  Is  being  used  even  for  the  fUal^atlon  of 
tobacco,  but  3rubaker  and  Heed  (17)  feel  that  It  aleht  oooblne 
with  the  waxes,  fata,  and  oils  In  the  tobacco  leaf  and  likely 
affect  the  aroaa* 

To  the  beat  of  the  writer's  knowledge,  the  type  of  odor- 
Iferooa  reaction  given  by  i«>tbyl  brooide  and  flour  has  not  been 
reported  except  by  sear Is  (IS)  irtw  said  that  It  has  been  kno«i 
tiiat  tela  fuslgant  produced  a  dlaacreoable  odor  on  soae  furs 
and  leathers.  Qowever,  all  furs  and  leathers  do  not  respond 
slallarly* 

Several  other  papers  en  the  datox>^lnatl(»i  of  broalde 
resldujas  In  ftsslgated  foodstuffs  have  been  published.  They  will 


b«  ravlowHl  under  th«  aaotlon  Dcterainatlon  of  Oroalna  n«sl- 
dues* 

?>filgfltlon.    Tba  first  part  of  thoss  oxporlatmts  tos  dons 
with  a  ooenaorolsl  flour,  «ltta  a  protsln  oontsat  of  XX.05  pap> 
e«nt,  vhlch  had  boon  bloatdisd  and  ^altsd.     Itetiiyl  broi:ilde  In 
oos-jKmcid  oans  was  uasd,  with  a  purlt7  of  99*4  porcent. 

Puaigatlons  were  oarrlad  on  In  a  laboratory  scale  firalgsi- 
tor  with  a  oapaoltf  of  116  liters  (4*1  oublo  fsst)  snd  equipped 
with  a  fan*    All  fmlgatlona  were  dons  at  room  tftsperatiire. 

TiM  samples  of  flour  were  placed  In  sacks  In  the  ssbm 
wmner  In  order  to  nlnlailse  variations,  such  as  the  dseree  of 
packing,  wiilob  aleht  affect  the  aorptlcm  of  the  funlcant. 

The  dosags  used  In  aoat  of  tlM  axporlvantal  fVialcatloDS 
was  35  poonte  par  1,000  cuhlo  feot  for  24  hours*     The  reason 
for  this  hl£}i  dosaco  (12  to  25  tines  grsator  than  the  norstal) 
was  to  Insure  overfUalgatlon*     It  Is  very  likely  that  troublos 
Is  ooEcaerolal  practice  arise  j^mu  aillled  cereals  are  overfml- 
gated*    The  voIvsm  of  the  liquid  ftmlgcmt  was  calculated  aa 
followst      (sp,  g.  of  CI^Qr  t   1.732} 

1  lh./l,000  ou.  ft.  I  0.016  E*At*  «  0.016  :  0.0002S9  ml./lt. 

1  Ih.A.OOO  cu,  ft.   In  116  liters   j   0*009833  x  116   :   1.072  al. 
2S  Ib.AfOOO  ou*   ft*   In  116  liters   :   1*078  x  2S   :   26.000  al* 
"ftie  fimlgant  was  aaasured  In  a  graduated  cylinder  srrd 


poured  Into  a  boaker.  Thla  In  turn  vaa  pl«o«d  In  th«  flai^ator, 
tba  ftolgator  lid  waa  rapidly  tlghtaned  and  tha  fan  atartod. 

In  tbs  attsly  of  the  aorptlon  of  asthyl  t)raalde  oa  related 
to  th«  aolature  oontent  of  flour,  tha  dealrad  aolatura  content 
aaa  obtained  and  the  aaaplaa  ware  placed  In  tvo  2,100>gpaa 
aeoki*  Tha  ratio  of  fualgant  to  product  ao  obtained  In  f\ml- 
gatlon  «aa  about  4*5  tlaea  greater  tlum  the  ratio  uaed  In  oota- 
aerolal  r^ractloe  for  the  cane  doaaco  (80).  liaoedlately  after 
ftelGatlon  the  oontonta  of  ooe  aack  eere  blended  In  a  aealsd 
blender  for  90  alnutea  and  then  r^laood  In  a  aealed  oan.  The 
other  aaek  «aa  loft  to  aerate  for  aeven  daya  at  rooai  toopera- 
ture*  After  thlo  period  of  tlao  the  flour  eaa  blended  In  the 
eaiie  blender  and  again  stored  In  aealed  cans* 

PetroleaB  Ither  sictraot*  Floor  vaa  extracted  with  Skelly 
aolve  P  (boiling  point  ZSPC)   at  roan  teaperatxiro.  lixtraotlons 
on  1-kg*  aaaplea  were  oarrled  out  with  two  l,CXX)-sil*  portions 
of  eolventf  folloewd  by  four  600-al.  portions  of  the  aa-M  ex- 
traotlng  agent* 

?lour  and  aolvent  were  placed  In  gloss  Jars  and  aeitiisxw 
loally  ahaktm*  Supernatant  llqulda  were  oollooted  and  oonoen- 
trated  under  vaowa  at  room  teiqierature.  The  oily  extracts 
were  stored  In  the  reftrlgerotor* 

^eot'(^wtion  of  ,?lour.  "Hie  fat-fi'ee  flour  waa  thorouchly 
aerated  to  elialsate  as  ouoh  of  the  aolvent  as  poaslble.  Then 
It  was  tsade  Into  a  dou^h  uslnj;  the  appropriate  oaKmnt  of  water, 
and  fractionated  Into  starch,  glut«i,  and  water  aoluble  aatorlal 
according  to  the  teohn'<jue  described  by  Finney  (19), 


An  attaapt  to  find  *  loss  tedious  proovdurs  was  unsuoosss- 
ful*  It  «H8  obsQi^ed  t'-^t  i^«m  a  dou(^  was  ouspsndsd  In  vator 
by  RMsns  of  a  Wards  Llqai-Slxar,  aoet  of  the  glutan  oaaa  to  tbs 
surfaoa  and  «aa  «aall7  separatad  frog  th«  starob  «atsr  suspaD> 
slon  «lth  a  8ap«x>iitor7  f^unal.  Staroh  oould  than  b«  raoovarad 
b7  contrlfuelng,  but  always  a  layar  of  starch  and  flna  glutan 
sottled,  rathar  loosaly,  aa   top  of  tlia  staroh  oalca*  This  pro- 
oadure,  alUu>u^  !3ora  rapid  than  tbs  usual  taobnlqua  of  band 
washing,  did  not  rendar  pura  fractions  and  so  oould  not  ba  aes- 
ployad. 

Tha  liquid  ft-actlon,  aftar  tha  aaparatlon  of  ataroii,  «as 
plaead  in  a  roand-bottca  flaak  and  ocsiosntratad  undar  vaonm* 
A  90-asi«  ooppar  oondansar  waa  anployad  with  dllutad  aloohol  aa 
tha  ooollns  fluid*  It  was  oontlnuously  punpad  through  a  ooppar 
ooll  aurrouQdad  by  or«okad  loa  and  aalt. 

AHig9fr?3,;o  Potypyj^m  'frflr^hll.'^  Tyf^,  Tha  axparlrsants  raport- 
od  In  this  work  dasionstretad  that  ahon  fualgatad  flour  is  tx>sat> 
ad  with  a  solution  of  potass  iica  bydroxlda  or  sodlua  hydroxlda 
in  athyl  alo<4:iol,  a  oharaotarlatio,  rathar  unploasant  odor  Is 
produced.  ^Is  tast  was  suooassfully  ss^loyad  to  dateot  broalda 
raaiduaa  dua  to  ohaaloal  raaotlona  in  ftaal^atad  fractions  of 
flour.  On  tho  othar  band,  when  aethyl  banatda  was  bubbled 
throuch  a  solution  of  potassiuo  hydroxlda  in  attiyl  aloohol  pra- 
olpltatlon  of  potasaiua  broalda  took  plaoe,  bat  thara  waa  no 
noticeabla  odor. 

"ilrtlTfi  Tftt-  A  atrslj^t  dough  aathod  was  uaad,  with  ttf 
following  fovaalai 
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paroant 

Flour  {145  nolotiir©  bBsla)   ......  100,0 

Dry  a?.llc  sollif.e 2.0 

Dlaaalt O.SS 

Shortonlnc 3.0 

Broowte 0.008 

T*Mt   2.0 

SaeKF • 6.0 

Salt     1.& 

Abaoz^tlon 4s  roqulr«d 

Absolution  was  dataminad  with  tha  Qrabondar  ?Brlnosra?h 
and  tha  optlnua  alxing  tlaa  with  tha  Swanscm>>Vor3(lne  raoording 
dou{^  aixar.  As  it  will  bo  Indlcatad  lator  on,  the  mixing  tlna 
was  always  ehortor  for  tlta  fualcatod  saaplos  than  for  tha  un- 
traatad  oontroXs. 

The  weight  and  volume  of  tiia  loaves  wara  dataralnad  1»> 
■adlataly  after  they  wara  taken  froa  tha  oven.  Thay  ware  than 
placed  In  sealod  cans,  and  aoored  for  grain  and  taxttira  and  for 
odor  en  the  following  day* 

Peteralnatlon  of  larCBlnB  Haaldufta.  Several  oMthoda  tap 
datamlnlng  aoall  quantities  of  broalna  In  different  aatarlala 
have  been  published.  Before  oethyl  broalda  baeatM  a  widely 
used  ftsalgant,  oonsldorable  effort  bad  been  devoted  to  tha  da» 
valoipcaant  of  reliable  aloro-methods  for  tiw  aatloatloo  of 
broalna  In  blolOf:lcal  aatarlala.  All  the  prooaduras  Involve  an 
Initial  dastruotlon  of  tha  cn-ganlo  natter  by  wat  cr  dry  aahlng, 
followed  by  salaotlve  oxidation  of  the  Inorganlo  balldas,  tha 
quantitative  separation  of  broalna,  and  Its  dateralnatloa  by 
tltrlsietrlc  or  oolorlaetrlo  tsathoda. 

Tha  Increasing  use  of  aethyl  broalde  has  raised  questions 
about  tha  reslduea  left  In  fualgatod  foodstuffs,  and  aany  papers 


have  boon  Given  on  aetSsods  for  this  artAlytlo&l  dateralnatlon* 

Tha  aocupao7  of  broQln*  ••tla&tlon  la  affaotod  by  aovaral 
faotora  suoh  as  loss  of  tha  baXo^en  durliic  ashlnc*  InoOEsplata 
oxidation  of  te>aald«,  and  partial  oxidation  of  tho  ohlorldas 
vraaant* 

Qan«rall7  apaaklng,  tha  aathods  any  ba  erou!>ad  Into  t«o 
tTpaat  a)  thosa  that  oxldlaa  broalda  to  broalna  by  awans  of 
ohroalo  aold,  and  b)  thoso  that  effoot  tha  ozldatlcn  of  bpcalda 
to  brooata  «lth  aodlua  hypoohlorlto«  l^ltbar  bpoalna  or  brostata 
Is  aatlaatad  by  tba  aaount  of  lodlna  aat  fraa  rroa  potasslua 
lodlda. 

Brodla  and  F^ladsian  (SO)  raooanondad  a  spaolal  prooadura 
for  ashing  tlssaaa  and  biological  flulda  to  avoid  lossaa  of 
broalna*  This  taobnlqua,  .-aora  or  lass  siodlflad,  bas  baan  adapt- 
od  for  aost  of  tha  awthods  uoad  at  prosant. 

In  tba  sMtSiod  orlclnated  by  QauGboan  and  Sklnnor  (SI) 
tfiroBtlo  aold  la  used  for  tba  oxidation  of  brcnlda  to  broalna. 
Savaral  godlfloatlons  of  this  oatbod  usad  as  stloroohonloal 
prooaduras  hava  baan  proposed  by  Heufeld  (02)  and  by  7a tea 
(2S}«  Dudley  (84)  has  aoployad  variations  of  the  aaaa  method 
for  datarmlnlns  tba  broalne  contntt  of  a  variety  of  faalgatad 
foodstuffs. 

Aooordln{T  to  van  dar  Seulen  (SS)  broaldas  can  ba  quanti- 
tatively oxidized  to  brooates  by  tao  and  a  half  tlaos  tba 
ttiaoretloal  aaount  of  hypooblorlta  If  tha  solution  contains 
a  buffer  and  Is  lutlf  saturated  vlth  sodlua  chloride.  Tlils  Is 
Illustrated  by  the  followlne  aquatlont 


xo 


3  CIO-  +  3p-  ^=  DrOg  +  3  Cr 


Tlio  r«actlon  rrau  loft  to  right  1b  ooapletad  If  the  oxida- 
tion Is  oarrlsd  out  «t  OS°C  aM  tb«  oxooaa  of  hypochlorite  la 
ronovad.  Kolthoff  and  Yutay  (&6}  uaad  thla  netUod  for  tba 
volnaetrlo  detaralnatlon  of  brosilde;  tliey  Introduoad  aavaral 
jodlfloatlona  suoh  aa  phoaphata  buffer  Instead  of  borata,  and 
aodlun  foraata  Inatead  of  bydrogan  peroxide  to  destroy  exoaaa 
hypoohlorlte.  They  vara  able  to  show  that  foraata  doea  not  re- 
daoa  bpOBtate  on  boiling* 

Stenger,  Shrader,  and  Baahcatoor  (27)  applied  thla  aetfaod 
to  the  detonalnatlon  of  bronlna  In  fualgatod  foodatuffa.  Ualng 
the  acna  proeadura  i'oehsa,  Staradar,  and  Stanc*r  (20)  studied  th« 
rasldaea  of  bro«ln«  In  cereals  end  dairy  products  fualgatad 
Witt)  aothyl  braalde*  They  found  that  after  aeven  daya  of  aar»- 
tloQ  the  volatile  hallda  had  been  etwpletely  ellatnated  froa  tfa* 
aoaploa,  but  that  a  realdua  of  broslna  eaa  peraanently  bound 
to  the  pro<!!uot» 

In  the  present  work  the  analytical  procedure  described  by 
Shrader  et  al*  (29)  for  total  broalda  «oa  used,  vlth  aoEM 
aodlflcatlona*  1t»  aethod,  aa  deaorlbad  by  tba  authors,  la  as 
follovai 

Rea{rentBa 

(1).  Alcoholic  potaaalxa  hydroxide,  8*&  grania  of 
potass  Itsa  hydroxide  par  100  al*  of  95  percent  ethyl 
alcohol* 

(e)*  Sodlua  hydroxide,  analytical  reagent* 
(3)*  Ccdlun  peroxide,  analytical  reagwit* 
(4)*  nydroohlorlc  ocld,  about  6  B  (1+1}.  Thla 
ahould  bo  as  free  froea  broalda  aa  possible* 

(&}*  IJypoohlorlte  solution,  1  V  sodium  hypo- 
chlorite In  0*1  n  aodlua  hydroxide*  Tha  solution 
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la  in-eparod  by  dlssolvlnc  71  g,  of  ohlorln*  In 
1,500  al.  of  water  oontalnlnc  30  g,  of  aodlun 
hydrozlds.  Thtt  e«a  la  alowly  passod  Into  tha 
alkullna  solutlran  that  la  oooled  with  loa*  Tha 
aolutlon  la  dllutod  to  two  lltara. 

(6).  Sodluoi  fomato  aolutlon,  50  c»   of  tba 
aalt  par  100  al.  of  solution. 

A  aaapla  of  S  to  10  craaa  la  troatad  In  a 
100-al.  nlolml  craclblo  with  40  ^.  of  aloohollo 
potaaalua  hydroxlda,  allowad  to  at and  for  an  hour, 
and  ovaporatod  to  drTnoaa  aa  a  ateaa  bath.  It 
la  than  dried  for  a  abort  tlaa  at  110^  and  la 
oovared  with  10  grava  of  sodiiKi  bydroxlda  palleta. 
tba  oruolble  la  <:ept  for  an  hour  or  two  on  a  bot 
plato  tmtll  tl'.a  bubbling  or  aiaoklng  dlalnlahen,  nftar 
whlob  It  Is  plnoad  In  a  nuffla  at  S00<*C.  ?ualon 
tfiould  b«  oaxTlad  out  without  exoaaalva  burning  or 
foaalng]  If  tlia  obarga  baooiaoa  Ignltad,  tlw  oiniol- 
bla  aliould  b«  ro»ovad  fron  tba  ouf fla  until  tha 
flaaa  la  axtlngulafaad.  It  la  than  ratumad  to  tha 
sxufria  and  this  prooaaa  rapaatad  until  tba  vola-> 
tlla  gaaca  bava  baan  ranovad.  Sodloa  paroxlda  la 
oddad  to  ttM  salt,  a  faw  allllgrama  at  a  tlaia,  to 
oatplato  tha  oxidation  of  tha  raawlnlng  oarbon  or 
organic  aattar.  Tha  7ox>oxlda  auat  bo  adtted 
oautloualT  atilla  tha  oruolbla  la  rocaovad  rraa   tha 
ftimaoa;  broalda  la  loat  If  the  cbargo  burna  with 
a  flara  whan  too  auoh  paroxlda  la  addad. 

Coraplato  ooaboatlon  of  tha  orgenle  aattar 
oan  b«  affootad  beat  by  ratumlng  any  organic 
saattar  that  haa  ralaad  ebofva  tha  aodlua  hydroxlda 
to  the  bottoa  of  tha  oruolbla,  i^Mrm   it  nlxae 
with  tha  aolt  and  la  aaally  daatroyod  by  addition 
of  tho  poxnsxldo.  Tlnla  la  aoooapllBtHtd  by  oara- 
flilly  rotating  the  Itot  oruolbla  to  waab  down  tba 
orratnlo  natter  and  ad<Jln£  0.5  mraa  aore  of  ■oor^ 
ozlda.  If  no  bumlns  or  bubbling  takaa  placa,  tha 
oxidation  la  ooaplata.  A  few  earbon  partloloa  whloh 
aay  rctwin  after  the  final  addition  of  sodlun  par» 
<sid0  do  not  affaot  tba  aoouraoy  of  the  rosults. 

Ilia  oruolble  la  rotated  to  allow  tha  aelt  to 
aolldlfy  on  the  sides,  cooled,  and  tha  oontanta 
are  dlaaolvod  In  75  :al.  of  rater.  Solution  of  tha 
aodlin  ooapowida  la  haataned  by  plaolnc  tba  oru- 
oiblo  on  a  hot  plate  for  aevaral  alnutaa.  Tba 
aolutlon  la  tranafarrad  to  a  400-al.  bekkar  and 
parulally  neutralised  with  about  50  nX.  of  6  B 
OTdrooblorio  sold.  The  aolutlon  la  bollod  to 
daatroy  paroxldaa  and  to  reduoa  tha  volune  to  100 
to  12&  ml.  Blolcal  hydroxlda  and  other  Inaolubla 
hytb^oxldoa  are  rtnovad  by  filtering  through  a 
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Bo*  8  Vhatacs  paparj.  oollootlnr  tho  riltr«tt« 
■nd  'MSshingB  In  «  OuO-stl.  wlda-aouthad  :4:<len- 
sM7«r  flask.  ItM  flltrat*  Is  made  sXlfMly 
sold  vltli  6  n  hTdrochXorlo  scld.  then  neutral- 
Ised  vlth  sodlua  hydroxlds  solution,  adjusting 
to  th»  color  ol\si:c^  of  swtUyl  r«d,  Tho  »c'.ua» 
at  this  r>oint  should  bo  a.nproxl  .lately  150  ml« 

About  2  jipraas  of  sodlua  aolc'  nbosniiets 
(aoRObaslo}  and  5  al.  of  faTpooIilorlte  solution 
are  oddod  ond  tho  islxture  la  hestod  to  boiling* 
After  a  alnute  or  so  5  al.  of  sodlua  foraato 
solution  are  introduced  and  lulling  la  oontlxxued 
for  s  minutes.  "Hixo   sample  Is  ooolsd  and  treated 
with  a  f»«  drops  of  I>  aodiua  taolTtxlata  solution, 
0*5  grtta  of  polaasiua  iodide,  and  S&  al.  of  6  B 
aulfurlo  acid*  Titration  sl'.ould  t>e  zaado  inaadlate- 
I7  «lth  standard  0.01  H  sodlvca  thlooulfate  solu- 
tion, starch  Indloator  being  added  Just  before 
the  end  point.  A  blank  on  all  the  reagents  should 
be  earrled  tlirourh  the  entire  procedure  and  sub- 
traotod.  One  ailllllter  of  0.01  ff  sodlua  thlo» 
sulfate  is  equivalent  to  0.1338  lag.  of  broraide 
ion. 

Young,  Carter,  and  3oloway  (SO)  gave  a  paper  on  the  bro- 
ailne  rosidues  fMM  aethyl  bronlde  faalgatlon  of  cereal  products. 
Thar  described  a  aethod  that  is  aore  tedious  than  that  of 
Shradar  at  al*  and  it  does  not  seas  to  present  any  advantaga 
ovar  the  oxlstlnc  procedures* 

Deterainations  of  broaide  resldnes  wr*  rtm  in  duplloatas* 
In  case  of  doubt,  ahen  differences  between  single  deterainatlcoa 
ware  greater  than  1&  p.p.n.,  a  t!ilrd  or  fourth  analyais  au 
done* 

It  is  intorasting  to  point  out  here  that  ainoa  aatbyl 
brocaida  a<»iatitutea  a  haaard  for  faosaan  beings,  its  identifica- 
tion and  ostlfwtlon  in  the  ataosphere  have  given  rise  to  such 
oonoam*  This  organic  balida  oay  be  detected  in  the  air  using 
the  3eilBteln  test.  The  test  is  baaed  on  the  daoonpositloa 
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of  orgonlo  halld*a  b7  hMit  sod  tho  cooblnatlon  of  th«  baloeon 
with  ooppor.  The  oo:>p«r  halldos  are  readily  volatlla,  and 
color  a  riaaa  cT««n.  For  oaaBWrolol  purroaua  a  aatbanol  tcn-oh 
la  available,  sold  under  the  name  of  "rvicldalro  ballde  l»alc 
deteotor"* 

Sltb  aethyl  brcalde  the  eolor  of  the  flaae  varies  froa 
faint  (rreen  for  50  p.p«a»  by  voluae  In  the  abaoapbere  to  atrone 
blue  for  1,CXX)  p.p.a*  {S7).  This  teat  glvea  a  rough  Indloatlon 
of  the  oonoeDtrtttlon  of  the  fualeant  In  the  air*  "Utiua  aor« 
ezaot  eatiaatlooa  are  required,  aetluida  baaed  on  faTdrolTala 
and  aubaequent  deteralnatlon  of  the  halogen  are  nooeasarT'. 
Some  of  the  lateat  papera  cm  the  aubfeot  tsravlde  extensive 
literature  revlewa  and  up  to  date  nrooedurea  (31,  SZ,   33,  54). 

pateralnntlona  of  itolature.  Tho  atandard  air-ov«i  aethod 
of  the  Aawrloan  Aaaoolatlon  of  Cereal  Cbealata  (35)  vaa  uaed. 
It  la  SB  followa: 

iSelgb  aocxuratoly  approslaatoly  3  graas  of  tlie 
«ell  olxed  aample  into  a  covered  dish  that  haa  been 
dried  prerloualy  ot  130*^  (^S<)C),  coolod  In  Uie 


desleoator,  and  velf^iad  soon  aftor  att&lnlng  roos 
teraperature.  TJnoovor  the  eaarle  and  iiy   «ie  dish, 
cover,  end  oontenta  In  the  ovon  at  ISO^C  {±3°C) 


for  one  hour  aftsr  tho  oven  regalna  a  teaperoture 
of  150"C,  Cover  the  dlah  while  In  the  oven, 
transfer  to  the  dealooator  and  welfrfa  soon  after 
rooQ  taaperature  la  attained*  neport  tlia  flour 
residue  aa  total  aollde  and  tlie  loae  In  weight 
as  aolsture* 

In  all  caeea  detenalnatlona  of  aolatttre  were  run  In 

trlplloates. 

PUalentlCTx  with  COg  »  Cl^jia'  !:ixture.  Two  2,100-graa  aaoka 
of  flour  with  13.1  percent  nolature  were  plaood  In  the 
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fualgator  with  3«  grant  of  dry  !<»•  (four  tlnas  th»  ml^ht   (xjulv- 
■lant  of  laatbyl  brooild*  for  «  doaaco  of  !!5  pound*  par  1,000 
oublo  fast)  for  two  houra*  Than  aathyX  broaldo  waa  Introduoad 
aa  uaual  (2&  pounda  par  X,000  oubio  fa«t)  and  foalgatlcra  oon- 
tlnuad  for  24  houra.  othar  than  notad,  tho  handling  of  tba 
floura  waa  tha  aaaa  as  with  othar  aoarloa* 

Phraloal  Poq<^  Teatlnr..  Tha  Drabandar  Ftarlnogz>apb  waa 
ua»d  to  datortalna  the  axaot  watar  ahaorptlon  of  tba  aaaplaa,  to 
obtain  dou^ha  of  the  aataa  oonalatonoy,  and  to  obaarva  alteration 
In  tha  pfaTaloal  doogh  jproportlaa  duo  to  f\£al{;atlon.  Tba  asiount 
of  saapla  aaployed  In  avary  test  waa  oorraoted  to  14  porcent 
301aturo  bcMla. 

Tba  optlann  ralxlne  tl.-3aa  wara  aatlnatod  with  tha  Swanacm- 
■ortKtag  raoordlnc  dough  alxar,  ualnc  tho  abaorptlon  found  with 
tha  ?arlDoer«i^«  Thla  alao  poraltted  additional  obaarvatlons 
on  phyaloal  dough  propartloa. 

Hltropruaalda  Toat.  A  saall  amount  (app.  10  ac*)  of 
■atarlal  la  plaoad  on  a  poroalaln  apot  plata  end  one  drop  of 
MMOalua  hjrOroxlda  (cmo  to  one)  and  ona  drop  of  fraahly  praparad 
flva  paroant  aodlua  nltropruaaldo  {BBe?a(CII)g(BO)  •  2  HgO) 
aolutlon  added,  rink  color  on  tha  aurfaoa  within  SO  aeconda  la 
Indicative  of  tha  proaanoe  of  axafhydryl  groupa. 

Oa«  ProJuotlop  and  Oaa  ':otentIon.  In  tlieae  teata  tba 
aac^ilno  and  jirooodure  deaorlbed  by  SorVlnc;  and  Swanaon  (36) 
wore  used. 

aaoterlal  Count.  Tl»  ootliaatlon  of  tho  killing  power  of 
aothyl  broaldo  on  tho  aloroflora  of  flour  waa  done  eooordlng  to 
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tfa*  taobniqua  raooanwulod  \xf  Rmt-JoRos  and  Aaoa  (37),  and  by 
teltb  and  Dawaon  (S3)  for  baotarlal  and  fungal  oounta. 

pfT  natax^lnatlona.  tto»  alaotroaatrlo  motbod  raoooaandad 
by  tha  Aaarloan  Aaaoolstlon  of  Careal  Chaalata  for  tho  data»ln- 
atlon  of  hydrogan-lon  coooaatratlon  In  flour  la  aa  folloaat 

Plaoa  10  g.  flour  (or  aooa  stultlpla  thoreof }  In 
a  dry  ^lanaayar  flaak  and  add  for  «aob  10  g.  flour 
100  al.  cool,  rooontly  bollad  dlatllled  watar  at  a 
taaparature  of  2S<^.  Agitata  tha  flaak  until  an 
evan  auapanslon  froa  fti'aa  luapa  la  obtained.  Al- 
low ouapanalon  to  ataxul  at  25°C  for  30  alnutaa, 
agitating  oontlnuoualy  or  Intomlttently  In  euoh 
a  aannar  aa  to  kaop  tho  flour  partloloa  In  suapon- 
alon.  Let  atond  qulatly  for  15  oinutao,  U.on 
dooont  tbo  supamatont  liquid  Uirou^  a  foldad, 
hordonod,  dry  flltar  papar  Into  a  oultabla  voaeal 
dlacardlng  flrat  &  ail.,  and  datenalna  bydrog«i>>lon 
activity  olootroootrloally. 

In  tba  oouraa  of  tbia  work   It  «aa  found  that  tha  pB  yaluaa 
obtalnod  «lth  tha  abova  nontlonad  aetbod  ware  In  all  oaoaa  ona 
tanth  of  a  pt!  unit  graatar  than  t!.oao  valuea  obtained  froa 
dlraot  datenalnatlona  on  watar>flour  auapsnalona*  Theaa  latter 
valuoa  wara  oonaldared  to  ba  oloaor  to  the  trua  bydrogan-lMx 
oonoMitratlon* 

tXHKBmntX,  RESULTS 

ntllnlrrr'  **f  «n'-  Prallalnary  baking  teata  with  floura 
fkMlgatad  at  a  dosoga  of  S&  poxmda  par  1,000  oublo  feet  gave 
produota  «lt!i  o  a!uur>,  very  objootlonable  odor.  Upon  ooollog 
the  loavae,  the  odor  waa  not  nearly  ao  wall  aarkad,  but  b»» 

atrcQg  again  whan  alloee  of  tlie  bread  aara  tooeted.  llour 


faalg«t«Hl  with  •  hsavy  itome*  of  astla?!  olrxLorMo  produced  bated 
loaves  «ltb  a  v«>v  ob'ootlonabXe  odor  but  different  flcoa  tliat 
elvm  by  mothT'l  braalde  f^nlgated  floure* 

The  work  was  begun  with  the  fualf;atlon  of  flour,  followed 
by  fraotlonatlon  Into  four  parte ,  neawXy,  the  petrolexn  ether 
extraotf  the  ataroh,  tl:«  gluten,  and  the  water  soluble  naterlala. 
the  aaoe  prooedure  wea  plaonod  with  noofualcated  flour,  and  a 
roeonblnatlon  of  fraotlons  froa  both  souroee  to  atudy  the  ef- 
fect of  eaoh  fualgated  fraction  on  the  propertlae  of  the  floor* 
However,  at  the  onset  of  this  work  the  alcoholic  potasslua 
hydroxide  teat  showed  that  only  the  proteln-oontalnlng  Auctions 
rwuted  with  the  f\«algant«  Results  obtained  with  the  different 
fractions  were  as  follows: 

I'^otlon  Odor 

Petroleua  ether  extract  negative 

Starch  • • •  negative 

Oluten  •..•••.. •<  positive 

vafeer  soluble  aatorlals  •.. positive 

lb*  petroleun  ether  extract  froa  flour  was  Included  be- 
ottoee  according  to  Dnlls  et  al«  (89,  40)  It  contains  a  lipo- 
protein with  hl^  C(»tent  of  sulfur.  It  was  tbooe^t  that 
isercapto  groups  could  be  responsible  for  the  odor  obtained  In 
the  baked  products  of  fuaigated  flours.  Out  subsequently  the 
nltroprusslde  test  demonstrated  that  nonfuaigsted  flour,  fooi- 
(^ted  flour,  fualnatod  flour  treated  with  alcoholic  ZOU,   and  an 
aqueous  solution  of  aethlanlae  treatod  with  liquid  tnothyl  bro- 
nlda  did  not  have  free  sulfhydryl  rvo\i-rs,     Tiia   nonoxistcnoe  of 
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CV99   sulfhytlryl  croupa  in  flour  oonTlnu  th*  findings  of  ^fMm 
md  Vorking  (41). 

Btklng  tost*  ««re  aadt  «lth  nonfoal^c^ated  flour,  nonfuni- 
gatod  Axtraotod  flour,  f^»lg«t«d  flour,  and  fualrated  axtraotad 
flour*  3oth  Aaalf^ted  flours,  oxtraetad  and  unoztraotad,  pro> 
duoad  produota  with  tha  aaaa  unplaeaant  odor  and,  apparently, 
of  alrallcr  Intensity,  ^a  odor  «aa  prasant  In  the  loaves  not 
only  shortly  af tar  tbay  ware  takao  froa  tba  ovon  but  also  on 
the  following  day  aftar  storing  In  aaalad  oana* 

Patrolaua  athar  extracts  Croa  noofualgatad  and  fonleatad 
flours  «aro  troatod  with  96  poroant  atiianol,  and  than  tbaaa  t«o 
extraota  and  tha  saaia  oxtraota  without  traatsMnt  wars  fualsatad 
with  a  haavy  doaaga  of  aothyX  turanlda*  Aftar  futtlratlon  all  of 
than  vara  traatad  with  aloohollo  r>otaaalua  bytliroxida  and  thay 
gava  nocativo  raaotlons,  l.a.,  laok  of  pun^ant  odor* 

Olutan  wsabsd  frooi  fUnteatad  floxira  waa  fraotlonatod  Into 
glladln  and  e^^tanln  t)y  aaana  of  athanolf  70  paroant  by  voluaa. 
Both  fraotlona  gave  poaltlva  raaotlons  with  aloottollo  7>otaaslui 
hydroxlda,  apparently  of  tha  aa:aa  intonslty. 

Hhan  aaparatad  c^-utan  waa  elvan  a  aavara  traataant  with 
aathyl  broolda  and  than  addad  to  flour  It  had  a  datrlaental 
affaot  on  tha  baking  <iualltlos.  Olutan  waa  waahad  froa  a  dough, 
drlad,  and  flnaly  erouad.  A  portion  of  thla  powdarad  el«t«n 
was  traatad  with  liquid  .aetbyl  broaida  In  a  poroalaln  dlah.  Tha 
powdor  was  thoroughly  aaratad  at  rooa  tanparatura  until  it  waa 
oonsldored  to  bo  fraa  trcn  volatlla  fualeant*  Than,  two  portions 
of  ttia  aana  flour  that  waa  uoad  to  obtain  tha  glutan  wars  bakad. 
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OB*  with  tbt  addition  of  flwi  peroont  of  troatod  gluten,  tb« 
ott>»r  with  tintroat«d  glutont  plain  flour,  without  addition  of 
glutan,  waa  aleo  baked.  Loaf  volisaaa  obtained  (everagea)  war* 
oa  followat 

Plour  plua  6^  c^^t^*^ •••  ^"^  oo* -i 

>  Znoreaae  due  to  gluten 
oddltlcm 
Plain  flour  *.. 745  co.  :^ 

I  Saoreaa*  due  to  detrl- 
I  aental  affaot 
Flour  pltia  5%   treated  gluton..  610  cc.  j 

Vhen  an  att^pt  waa  aad*  to  waah  out  gluten  froca  flour 
troated  with  liquid  methyl  hronlde  a  glue-Ilka  auhstanco  «aa 
obtained}  glutena  froat  fualnatod  floura  alao  ahowed  altaratlona, 
but  not  ao  narkod* 

^laoellaneoua  Baterlala  Pualrated  with  Settarl  Broalde* 
Twel7*  different  aaterlala  were  Anlgated  with  aethyl  broalda 
at  a  doaage  of  St  pounda  per  1,000  ouble  feet*  TtMi  aloohollo 
potaaaltsa  faydroxld*  teat  gave  poaltlve  rosulta  for  all  but 
gelatin  (Table  1).  Thla  gelatin,  the  only  aaterlal  that  did 
not  give  the  characterlstlo  odor  with  the  reagent,  according 
to  Sohaldt  (42),  laoka  the  aalno  aolda  valine,  beta-hydroxy^ 
glutanlo  aold,  tyroalne,  aotblonlne,  and  tryptoplmne. 

3orT>tIon  of  tiethyl  aroolde  aa  Rolatad  to  the  'tolature  Con- 
tent of  :'lour»  Adaorptloo  rofera  atrlotly  to  the  exlateno*  of 
a  higher  ooncentmtlon  of  any  partloular  uoaponent  at  the  aur- 
faoe  of  a  liquid  or  aolld  ]0iaae  than  Is  preaent  In  the  bulk; 
It  (iho'.ild,  theoretloally,  be  oloarly  dlatlngulalMd  froa 


- 
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TabX*  1.     Hoaults  of  th*  aloohollo  KOQ  t«at  on  dlffarant 

aatsrlals  fualcatod 

with  aetbyl  broal^*. 

Ua^rilffi^ 

"■■J 

Aloohollo  fton  t«3t 

Com  flour 

posltlv* 

Ry»  flour 

po»ltlv« 

Oat  flour 

positlv* 

n«z  flour 

poaltiv* 

B 

BviAT  wat 

poaltlv* 

Smrr  teotna 

poaltlvo 

Soym  besns 

poaltlv* 

Sorc^iua 

positive 

arl«d  c^uten 

posltlv* 

Qplttd  t>1ood  fllirln 

posltlva 

SSC  albualn 

poaltlv* 

■ 

Oslattn 

nogatlvo 

20 

absopptlon  «■  applied  to  aollda,  th«  Ittttar  referring  to  a 
Tsoro  or  less  tjnlfom  penetration.  In  praotlos  It  la  lapoaaibla 
to  separata  the  afreets  of  adsorption  froa  those  of  abaorptloo, 
particularly  for  aystaaa  of  gaaea  and  solids;  benoe  the  tens 
"sorption"  Is  used* 

"the  flour  and  technique  used  have  bean  dasorlbad  under 
Materials  aztd  Uetttoda.  Jfolsture  contents  reni^id  frat  9  to  Id 
percent*  Ssaaplaa  ware  noabered  flraa  la  to  Ob«  The  ixuafber 
oorroaponds  to  the  run  (aolsture  content  before  fuatlEatlon) 
and  the  lettera  a  and  b  to  the  samples  after  fualgatlon  and 
after  aeratloa  respectively. 

Results  obtained  In  Vba   dsteralnatlon  of  braolde  roaldues 
are  listed  In  Table  8  and  plotted  In  Oraph  X.  Tbo  fractions 
of  the  total  broialda  sorbed  In  fixilfratlon  that  vera  ratalnsd 
after  a«ratl<xi  «are  calculated  and  are  sho«n  as  pareontaga 
values  In  Table  8*  These  results  aara  plotted  (Oraph  II}  and 
tba  rogrossloD  line  and  regraaslon  coefficient  vara  calculated. 
Aooordlnc  to  ttia  latter  the  raoults  are  hl^ily  oorralatad 
(r  :  0.97).  Those  data  Indicate  that  at  a  moisture  content  of 
16.43  percent  tba  broalda  aorbad  during  fualgatlon  waa  ratalaad 
100  porcant  even  after  aeration* 

Several  factors  control  the  sorption  of  aethyl  broalda  by 
flour.  If  It  Is  aaauaed  ttiat  flour  Is  a  syatsni  fonsed  by  cran- 
uloa  of  starch  and  protein  globulea.  It  la  oasy  to  vlauallxa 
the  exlatenoa  of  voids  and  channels  aiaon^  these  particles* 
Gaaea  diffuse  Into  flour  thinnigb  theaa  Area  epaosa.  »atar  vapor 
preaant  In  the  atstosphere  of  the  void  apaoaa  hlndsra  dlffualoo 
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of  ettM*»  and  at  tb*  aea*  tisw  It  foraa  a  fUa  around  tba  partl- 
ol«a«  To  a  sr«at  extent^  auoh  fl3aa  aast  oaitrol  aopptlon  of 
tha  firalnant.  Thla  aooountB  fwr  tiia  hlc^i  aorptlon  of  aatbyl 
\ar<aU»   and  tha  ooaparatlvaly  low  rotention  aftar  aeration  «tian 
flour  la  on  tha  dry  alda.  It  laltJit  l>a  aaaunod  that  raUntlon 
la  prlaarlly  duo  to  ohaaloal  raaotlcma  hataaan  aathyl  broaida 
and  protalna  and  only  aaooodarlly  to  hTdrolTala. 

«han  aolatura  Inoraaaaa,  tha  ahsoluta  valua  of  aoz^tlon  d»- 
eraaaaa  Iwt  ratantlon  1«  hlghar  due  to  graatar  hydrolyala.  After 
a  oartaln  raolotura  oontant  la  raaoliod  (about  1S.7  paroant)  sorp- 
tion dua  to  hydroly«la  aaaaa  to  nravall.  At  thla  point  It  la 
of  tha  utaoat  laportanoa  to  Inoura  a  unlfora  toolmltjua,  esre- 
olally  In  tha  aawunt  of  flour  and  expoaad  mirfaoa,  bao«ua  It 
la  vary  llkaly  that  raoat  of  tha  broaldo  would  ba  aorbod  In  tha 
outer  layara  of  tha  aaoka  wltliout  further  diffusion. 

mr  tha  above  raaaooa  tha  raaulta  ahoan  In  Oraph  I  ara 
oooaldared  to  repraaant  a  eai«)Oalta  nloture  of  the  retention  of 
Bothyl  broaldo  by  flour  during  fualgatlon.  Chancaa  In  tha 
teohnlqua  xwed  would  brine  about  different  reaulte  but  tha  gen- 
eral pattern  should  ba  the  aasta* 

Plata  I  ahows  farlnogrma  and  Blxoer«aa  jacoparad  from  tha 
aaaplaa  (valuta  corrected  to  1<   percent  aolatura  baela). 
Table  S  shows  abj-orptlona,  and  valorlaater  raadlnga  of  tha 
eurvas.  All  of  the  ourvaa  for  tha  treated  flours  Indloata  fast- 
er breaka  and  shorter  ^alxlne  tlaea  than  dooa  the  ourva  for  tha 
obeolc  flour.  Purthar,  valarlaeter  readings  for  the  fual^ated 
flours  are  lower  than  for  tha  omitrol.  It  la  evld<Rit  that 


88 

Tntol*  S.     Plour  absorption*  ana  valM-l-aetor 
poadlngo  a«teraln©(5  with  the 
Fkrlnoempb. 

SttSDle  no. 

t 

Abaorritlon 
(T?oroent) 

: 
t 

Valor Inoter 
r—Aixat 

Ccntrol 

61.1 

63 

to 

61.3 

«0 

lb 

61.0 

« 

to 

59.3 

8S 

8b 

59.0 

80 

3* 

60.8 

60 

Sb 

61.0 

«a 

• 

4* 

4b 

61.S 

«1.S 

6t 
68 

8b 
«> 

7« 

7b 

8» 

a> 

OOg-CHjBp     • 

oog-cngOr   b 
Floup  +  ey«tln« 

60.4 
80.4 
61.S 
61.4 
61.9 
61.9 
68.8 
61.2 
60.0 

60.& 

61.1 

«1 
OS 
60 
88 
80 
60 
88 
88 
«8 

88 

86 

- 

Flour  +  tpyptop. 

01.1 
Cl.l 

58 
SO 

— 

26 


0) 

< 

GC 
O 
O 

z 
o: 

4 


< 

_l 
Q. 
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ohADgas  have  ocoux>rad  In  th«  pfajrsloal  prop«rtl«s  of  tho  fual- 
9Bt«<l  flour.  Tho  klod  find  d«gr<M  of  tho  alteratlona  soom  to 
b«  rocjlQtod  to  B  gro«t  oxtont  by  the  aolature  ocmtent  of  flour. 
kB  •  sfittor  of  faot,  sacaplae  7  and  3  (bl^  aolature  flours) 
la-esent  narrower  traoea  at  the  mid  of  the  farlnoeraaa  than  th« 
other  aaaplea.  Tbey  also  ahowod  lover  oonslstenoy  at  the  sod 
of  the  alxogiraaa  than  the  rest  of  Vtta   fmigatod  saaplea. 

In  conneotion  mith  the  altoratlona  ahoiD  by  the  farloograaa 
aztd  alxosraas  of  fmleated  floura.  It  waa  ocmaldered  pertinent 
to  give  the  data  for  the  hTdrogen-lcm  oonoentratlons  of  aoBis 
of  the  saiaploa.  "^o  follovUig  values  vere  obtained: 

Saaple  pH  value 

Control 5.3 

lb  (dry;  hi^  broalde  x^aidue) 5*i 

4b  (nomal;  lowest  bvoalda  residue) 5.6 

8b  (vet;  aedliB  braalda  residue) &.4 

frcat   these  and  other  data  (tmpubllahed)  it  la  evident  that 
the  hydrogen-Ion  oonoentration  la  related  to  the  bronld*  real- 
dna  In  the  sanple*  In  addition,  asaln  In  tmpubllsbod  work,  a 
relatltmshlp  between  pll  and  the  shape  of  farlnosrasa  and  aixo- 
graau  was  found.  However,  there  seems  to  be  a  llalt  for  the 
effect  of  hTdrogon-lon  oonoentration.  TIm  hl^Jj  broalde  residue 
flour  showed  a  hydrogen-Ion  oonoontratlon  no  lower  than  the 
sMdlna  taraalde  residue  flour.  Kowover,  It  will  be  noted  Aran 
Plata  Z  that  the  alzoeraa  and  farlnosrwa  of  U;e  high  aolature 
(wadlua  broaida  realdue)  flour  are  aiai^iiedlr  different  Crcm  either 


thd  chook  flour  or  the  low  Eioiaturo  (high  broeiid©  r««l<lu«) 
flour.  The  »bol«  picture  eppeere  to  be  «  belsnee  between  the 
(^MMleel  ftotion  of  ttethyl  ta*aalde  on  the  protein  z^leeulesj^ 
the  effect  of  aolaturo  on  l^Tdrolxsls,  the  effoot  of  the  hydrolT^ 
eU  products  on  the  flour  piropertlee^  and  the  influenee  of  the 
acidity  <toTelopod  by  Uiose  products* 

Tbe  eeaplee  were  biOced  and  the  finished  loaves  were  scored 
for  odor,  and  f:T»ln  and  texture*  Loaf  voluae  data  were  plotted 
In  Graph  III  and  the  regross'on  llrui  and  regression  eoefflolefit 
were  calculated*  The  results  are  significant  arid  indicate  that 
Vbm  greater  the  broalde  content  the  lower  the  loaf  vol\sae* 
Sttsiplea  4,  5,  and  6,  with  relatively  low  broailde  contwot  had 
less  Intense  odor  than  the  other  s«aploa;  staple  5b  with  the 
least  brosiide  residue  shoved  the  best  grain  and  texture* 

ftwicatlon  with  COg-CUgBr*  It  was  tbofa^t  that  it  stight 
be  poasible  to  use  soie  other  gas  to  react  selootively  with  the 
proteins  of  flour  and  thus  prevent  aethyl  broalde  froa  react- 
ing* Carbon  dioxide  was  aasploTWd  in  a  tentative  experSaiwat 
because  its  uso  in  aixtures  with  other  fusiganta  has  beon 
reaoMEaended  (43)* 

Results  for  broalde  residues  are  listed  at  «ie  bottoa  of 
Table  2  and  plotted  in  Qraj^  I  as  two  isolatod  points*  It 
should  be  noted  that  the  valuea  obtained  are  higher  Uian  tha 
corresponding  valuoa  for  the  sasae  aolsture  COTitent  with  broalde 
alone*  Out  Graph  II  ahovs  that  that  percentage  of  the  broalde 
eorbed  in  ftiaigatlon  which  was  retained  after  aeration  agreed 
with  the  general  curve* 
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7t»   farlnograaa  obtalnad  with  th«s«  Moples  ar«  sticnm  in 
rittta  II*  Hare  again  tha  lattar  a  indioataa  tha  aaapla  wlUiout 
aaration,  aad  the  lattor  t>  tha  aaapla  after  aavan  days 'aarat ion. 
Tha  addition  of  carbon  dioaclda  to  tha  ftrai^ant  dooa  not  appaar 
to  roduoa  tho  sorpti(»i  of  aathyl  broeiida)  apparently  thla  pre* 
oludaa  ita  use  to  prevent  altorationa  of  a  ol^eaioal  nature. 

Action  of  Amino  Acidf*  It  is  probable  that  reaotlona 
of  Bietbyl  braalda  with  the  flour  proteins  are  dependent  on  the 
preaanoe  of  a  apooiflo  croup  in  tho  rioloculos  of  aaino  acids, 
<HP  on  a  speolfio  Sfaino  aoid  Itself.  In  order  to  throw  sane 
ll^t  on  the  letter  aasuaption  to  three  aaaplae  of  flour  (13.S 
peroant  aolature)  were  added  respectively  0.1  percent  cystine, 
0.1  percent  tryptophane,  and  O.OS  percent  of  a  crude  prapant* 
tico  of  tyrosine.  Tl.ey  were  then  fuaigated  In  the  usual  aanner. 
FarlnocTsas  shorn  In  Plate  II  do  not  indicate  praater  altera- 
tions than  obtained  with  fual^ated  plain  flour. 

Aqueous  solutions  of  aethionine  and  tryptophane  vei^  ti:>eat- 
ed  with  liquid  ^aethyl  broiaido,  tho  solutions  addsd  to  non- 
ftnlsated  floura,  and  the  floura  baked*  tiethlonine-troated 
flour  ceve  loavea  with  a  vary  strong  objectiooable  odor  while 
the  tryptophane-treated  was  noraial.  Out,  the  sseae  odor  ob- 
tained with  treated  laathionlne  was  produced  whan  a  plain  water 
solution  of  Xbm  aalno  acid  was  used.  It  is  evident  that  the 
objectionable  odor  in  this  experiaent  waa  due  to  deooraposltion 
of  aethionine,  end  not  to  oetfayl  broalde  action. 

Treataent  of  I^^l3lfiyted  Ploure  with  Oxidising  Agents. 
Parinocraas  un&  aixocraas  prepared  vrith  fuaigated  flour* 
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Flouf  ♦  T»roiln« 


Control  ♦  5ml.  1,0.01  N 


8b»QO26%KI0>        \  \    ab.goZXKBfO. 


.  Control  «  0.2  ml  cone.  HBr  K 


Control  ♦  01  ml.  HBr 
'02  ml  CH.OH 


j  \    Dough  ♦liquid  CH.Br    ' 


PLATE  2 


rM«t>l«d  thOM  ot)t«lnod  with  th«  addition  of  r»duolxi6  mib- 
stano«a  Ilk*  oystAlnB  (44).  9or  thla  rrason  tli*  aotlon  of 
oxldlaloe  Bgants  on  tb»  pstt«m  of  tbo  curvoa  w««  datoralnad. 
S«Q>3«  8b  «M  MV&  for  tlioM  cxpsrl  lonts. 

CurvAs  *«re  dotsntlxiAd  od  tb«  Porlnograph  with  th«  «ppro- 
prl«t«  aaount  of  •aai-'lo,  «nd  with  addad  lodlna,  potasalvm  bpo- 
■ate,  «d  potaaaluB  lodate,  Tba  ourvoa  obtalnad  for  tboaa 
varloaaly  treatad  lU-algatad  floura  ara  pi^aantad  In  Plata  II. 
Addition  of  tbraa  al>  of  lodlno  In  potaaalvea  lodldo  (0.01  B) 
paaultad  In  a  ourvo  wltti  good  reoovory.  A  battar  rooovory  waa 
obUlnad  aftar  ualae  flva  «!•  of  tha  aanw  aolutloro.  On  tha 
othar  hand,  0,028  paroont  of  iiotaaalua  lodata  and  althar  0.08 
paroont  or  0.2  paroent  of  potaaalua  brotuta  did  not  abow  satla* 
faotory  lappovaaant. 

The  favoreblo  of  foot  o'utalnod  with  lodlna  solution  algbt  ba 
dua  to  tha  aalt  affaet.  In  fact,  noofoalgatad  flour  tvaatad 
wiai  flva  al.  of  tha  lodlna  solution  al-.owad  that  tha  Omtf^  bad 
baan  tooehanad  (Plata  II). 

Tfaataaot  of  nour  with  EBp  and  cngOH.  It  waa  deolrad  to 
obaarva  tlia  effaot  of  hydrobroalo  aold  and  nethyl  aloohol  on 
flour  baoauaa  thoaa  two  ooispounda  nlsht  ba  tha  poaelbla  hydroljw 
ala  produota  of  aathyl  broalda.  PlaU  11  ahowa  tha  ourvaa  ot>- 
talnod  whan  tbaaa  roaganta  wara  addad  to  tha  watar  uaad  In  tha 
Parlnosraiai,  Hydrobroalo  aold  produoad  a  graph  that  raaaablaa 
ttioaa  dbtalnad  with  fuoleatad  floura.  Mathyl  alooliol  daosraaaad 
tha  oonalatanoy  of  ttia  douj^  but  did  not  woduoa  aa  faet  a 
broak  aa  doaa  aatbyl  brosilda.  Tha  addition  of  tha  two  reaganta 


8S 

to  tb«  mma»   flour  r«*ult9d  In  an  addltlvo  •ffeot. 

A  nooAaileatod  flotir  trMito^l  vltb  0*5  al«  of  eono«ntrttt«d 
hydrobroalo  «old  end  odo  tr««t*d  with  0*8  ail*  of  aothyl  alco- 
hol voiv  bakad  aocordinc  to  tho  rtrooodura  already  outllnad* 
S»lt}!«r  ooe  of  tlioM  raagoots  pro(luoad  lo&voa  with  objeetlon> 
able  odors,  alU:>ou{^  ttuiy  ifttomd  a  dotrliacntal  affect  on  tha 
voluaa.  This  was  eapoolally  apparant  with  hydrobroalo  aeld 
baoauso  It  nroduoad  a  daoraas*  In  loaf  toIubm  of  8&  paroMit* 

tRioso  results  cloarly  Indloato  that  aathyl  te'oaldo  haa  a 
two-fold  affaot  on  flour.  Ooa  la  ttaa  apaoiflo  raaotlon  of  tba 
organic  ballda  with  a  oortaln  part  or  parta  of  th«  protaltt* 
containing  fraction.  Tba  other  la  tha  action  of  ttM  bydrolysla 
produota,  aalnly  hydrobronlo  acid,  on  tha  physical  dougb 
propartlass 

Traataent  of  Pougfa  with  Llould  Bathyl  Broalda.  Reaotlooa 
batwaon  sMthyl  Ixpotalde  and  c^uten  protalna  alnht  take  plaoa 
with  those  parts  of  tha  aolaoulos  tliat  we*  rasponalble  for  tha 
foraatlon  of  gluten.  It  waa  datemlned  Aether  or  not  the  fural- 
gant  could  react  with  tho  proteins  after  the  gluten  network  waa 
astabllsbed*  Plata  IX  showa  tha  curve  produced  iriMD  tha  dough 
waa  treated  with  liquid  siethyl  bronlda  Juat  as  It  reached  Ita 
paak  ooDSlstanoy  In  tha  alxar.  The  auddan  Increase  In  con- 
sistency aay  be  due  to  the  ooollnc  action  of  evoporatlon. 

Oaa  .^odttotlop  and  Oaa  .-;otentlon.  It  was  of  Intorost  to 
datamlne  whether  or  not  broulnfl  residues  In  aethyl  broalda 
fvnlgated  floura  affect  tha  yeast  used  In  baking  and  alao  If 
tha  ability  of  tha  gluten  networte  to  retain  tha  carbon  dloxlda 
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produood  during  r«ra«itatlon  la  Influenood.  UeasuroiaentB  of 
tho  rats  of  gas  production  famish  Infonuitlon  rogardli^  th« 
fORaontetlQD  OBpaelty  of  tb*  douf^.  Caa  retontlon  la  uaaful 
to  datoKilna,  vary  roughly,  altorotlona  In  tha  phyaloal  propar- 
tlos  of  tha  !>rotalna.  In  tba  for.3«r  datamlnatloc  tba  total 
voluM  of  carbon  dlozlda  produced  during  faraontatlon  la  saaaa- 
urad  viilla  In  tha  lattar  ooly  tha  gaa  ratalaad  In  tha  dou^  la 
av«luBtad.   Tba  aaohlna  uaad  In  tbeaa  azparloanta  f^imlahas 
tha  raaulta  In  tha  foxna  of  two  ourvaa  that  rapraaant  gaa 
procure  agalnat  tlaa*  Oaa  praaaura  aultlpllad  hy  tha  appara- 
tua  oonatant  glvea  tho  raaulta  In  units  of  voluiaa* 

r>uporl-ar>08od  ourvas  obtalnad  In  aaa   axperlonant  ara  slioan 
In  Oraph  XV.  Tha  upper  curves  ahow  t!ia  rataa  of  gas  produotlon 
and  thalr  ohaneaa  after  certain  tlsaes  (period  of  constant  rata 
of  faioantatlan}*  Tha  curves  at  the  hottca  Indicate  tha  ibaounta 
of  cas  retained  at  any  tl^as*  A  duplicate  azparlstant  gave  very 
alallar  raaulta*  Table  4,  shows  tlie  perloda  of  oonatant  rata 
of  ffMnaentatlonf  the  ^aa  produoad  at  tha  «n&  of  this  porlod, 
l*a*,  at  tlxe  tlste  when  the  slope  of  Uie  ourve  changes,  and  tba 
cas  retained  at  the  tiae  of  »wzl^;n£l  produotlco  for  these  two 
experl'aonta* 

The  fualeatad  saa-jlo  gave  a  longer  period  of  oonatant  for- 
■aittatlcQ  rate  t^tan  tha  nonfunlcatod*  Tha  preaanoe  of  nora 
fezaentable  sugar  could  aooount  for  this  difference* 

The  percental  of  total  gaa  produoad  which  la  retained  by 
the  doueh  shows  a  eaall  decrease  for  funieatad  flour*  ^la 
oonflraa  what  waa  found  In  tha  baking  toata*  Por  tba  doaagas 
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uood  In  tI:toa«  fUale;«tlons  th«  ftsaleant  h«d  «  d*flnlt«  but  not 
poTonounosd  dstrlsMntctl  action  on  the  loaf  volucw. 

SaX»Dlt|a  amrlOK  P'lo\a'a.  It  la  ««11  kno«n  that  solcnlun 
ooapounds  tond  to  form  produota  with  vary  ab*rp  odora*  It 
waa  of  Interast  to  dctoralna  whsthor  a  aoXaoloa  l)Mirlne  flour 
abovad  3ior6  pivsnounoed  reaotlon  producta  timn  a  normal  flour* 
For  thla  purpoaa,  a  ^b—tM   contalnlne  86*6  p*p.M«  of  aalaalua 
«»•  alllad.  Two  aaaplea  of  tlio  flow  vara  fualgatad  with  nathyl 
bromlda,  on«  with  two  pounda  oar  1,000  oublo  foat  and  tha  oUiar 
with  08  pounda  par  1,000  oublo  faet,  and  balcad.  TUo  odor  of 
tha  loavaa  waa  no  oore  objootlonablo  than  that  of  oooaon  floura 
tailsatad  at  the  a«M  doaagaa* 

ytorobtoldal  ::fffJOt  of  rtatliyl  3yoald«»  During  tha  couraa 
of  thla  worlc  It  waa  found  tliat  floura  fualcatod  wltl^  aathyl 
broolda  appoarad  to  be  ralatlvaly  fraa  frca  nlcroflora.  In 
ordsr  to  oorroborate  thla  obsairvatlon  alcrofloral  counta  ware 
rat* 

Tha  raaulta  obtained,  althou^  of  a  prallalnary  nature, 

ara  oonaldered  of  lap<Mrtanoe  and  algnlfloanoe.  In  tboae  ex- 

partnanta  four  aaiaploa  of  the  aaae  flour  were  uaad  for  enwaor- 

atlon  of  baeterla  and  fungi.  Two  of  tha  aaaploa  had  bean 

faalgated  with  aethyl  broalde  at  doaagea  of  two  and  SS  pounda 

p«r  1,000  oublo  feet,  another  ono  had  been  treated  wlt^  a  baawy 

doaaea  of  laetbyl  chloride,  and  t!^  fourth  waa  the  nonfualcated 

control*  The  data  obtained  (aeo  ?able  5}  ahow  that  even  a 

1/  THl'r  WKaW  Wll  PW*>  nenr  Olxon,  South  Dakota,  In  1941*  It 
ma  kindly  fumlahed  by  the  Agricultural  Sacperlaant  Statlm 
of  South  Dakota  State  Colleea* 
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aod^ttt  <3i0ng#  of  fwil^nt  bad  a  pfronousd^d  alm*o^iol(Sftl 
«ff«Ot»     VftthjX  o2ilori<S9  Il!»vl8«  MpptQCl&hlj  2«<aHift««d  Ua* 
aoa^r  of  mioxroorganisas  pn^  gr»t  tput  it  Msc^ild  t>«  txanM  la 
ralad  tb&t  «  hoftTf  dosft^e  of  this  oag^ovttid  bad  b*<«i  us^* 

AH  tb«  «vl^tei^  gfither^d  during  t^d  vnrioua  stagos  of 
thi«  st^idj  indlea%«8  that  aotbyl  broalda  sad,  {^^  its  i^ri3rol7» 
•Ic  produots  70«ct  with  t}3«  protein  fraotlons  of  floure* 
Xttb^l  Qhloridt  ftlfto  wmm  t^bCLm  to  raaot  with  flovir.     Hoisrevorf 
th«  TfTodMCtB  of  tb«»«  r«actioafi  apparontly  er«  different  1;>@- 
QitHM  1^  odoro  of  tha  Xoav««  belnd  frca  flours  troated  vlldii 
l»oth  orgKilo  haXi(3MM  did  not  r«s«abXa  aaoh  ot^^ar* 

fbft  rcMtiott  of  ssetS]^!  bro^da  vitb  t^  protains  of  flourt 
also  la  glvaa  by  otb*r  p9rot«iiv*oontainlzsg  aatariala*    of  titosa 
taatadp  c«2iitln  i»aa  tba  only  <»»  that  cave  a  nogativa  raaotion. 
It  la  «cn*^«bila  to  rar^aat  hara  that  t'^olatia  doea  not  bava  tba 
atiino  aoida  iralina,  bata-bTdroaqrglataBale  aoid,  tTToalaa, 
sMthioninfi,  and  trtpta^lmm*    This  star  bava  aoaa  aigaifi^Bioa 
■ad  tuAxapp  m^  abould  bo  dlraotad  tovarda  datoralisaticm  of  i^ 
salatln  doaa  not  raaot«  and  alwtbar  or  not  tha  aba«»oa  of  ona 
<^  aavas«l  of  tho  above  amatlonad  «alno  &cida  la  raaponaibXa  for 
«jla  lacik  of  roactlvity.    Sstpaver,  it  .-aaj  be  Xtmt  tba  dafl- 
ci«no7  of  tboaa  i^olar  oowponenta  of  proteina  *»7  roralt  in  a 
apaolaX  atruotora  of  tba  protein  aoXeoulsa  vitb  tha  abaenoa  of 
partloxiXar  t^rpea  of  Xinka^s  or  reactive  apota* 
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^Om  previously  vsaohtsmrofA  rdaotloR  twttmesi  fiesdgatftd  pro* 
t«ln  Kfed  alcohollo  potassits  txfdroxl&i  mi^t  Ise  of  f\sr^or  Ist^ 
posptmoQ^*  It  could  tm  ueeA  a«  ft  x<«!>ld  sethod  to  estftbllab  tfo» 
fflmlflimtfTFntT^r  react  ion  InstMtd  of  tb«  saor^  Xaberioua  t«8t«* 
Probably  it  could  find  a  pr&ctloal  ai^lic©tl(m  as  a  t«st  for 
©»«rfaai??stioo  of  foodstuffa#  Tbo  spaoiflclty  of  tho  reaction 
b«t«»ca  si9t23grl  broods  aod  protcloa  could  also  be  studied  with 
tbe  aid  of  the  alcohollo  potassixn  bfdroxlde  test* 

Fr<Ei  t^le  stad7  of  the  sorption  of  atthyl  broolde  as  re- 
lated to  tbe  moisture  #c»%4mt  of  flo\sr  It  caa  be  ecsKilxided  t^t 
tlat  isoisture  factor  Is  trery  Istportant*    For  a  certain  doeag^^ 
It  ccaitrols  the  aatount  of  iMtbyl  ba^oaide  fixed  by  the  floia» 
mal  also  the  saode  of  actios  of  t^  f^lgsnt»    As  a  matter  of 
fact,  wfcsm  jaolsture  la  Xcm  JWthyl  tasaalde  Is  aiostly  ixAXoA  by 
ttckkxtown  eSisasimil  reactions  irltfe  the  ijroteln  fractions;  efi»vers»» 
2y«  ebsn  aolsturc  Is  rather  hldit  it  binders  tbeee  re^tlons 
«ttd  favors  hjdrolTSis  jftienojaenft*    The  products  of  these  two 
sodM  of  aotloei  «*»  dlfferwat  and  tl^e  effects  also  are  dlffor^ 
ent*    It  Is  of  pax^l^ilar  sl^lf  Icanee  tlmt  alnlmua  st^ptlon 
of  ^le  ^reaide  takes  place  in  the  nelt^iborbood  of  14  percent 
aioistvre  (dtn^  !)•     If  acletnre  contsaats  other  Uiei  approxl- 
Mitel7  14  percent  cro  used  It  appears  tbat  ^tmf  i&ould  be  abov* 
rather  than  belov  this  mtlue* 

ftwre  is  oo  question  but  nmt  the  M£li  broalde  residues 
left  after  overfi»i«fttlan  deercaae  the  baking  quality  of  flour» 
®ils  Is  true  not  <aily  bemuse  of  the  objectionable  odor  ^mt 
develops  la  the  baleed  loaves  but  also  because  of  eltoratlone 
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In  th«  :tQr8lcal  propartloa  of  Use  dou^    heoatdSs^jg  attfciyl 
te«Bil<3A  X^aa^^tloct  of  flour  fthould  be  p^vTar^^  vltb  ocsisldc^p* 
^bim  Mtr«^  wax&i  Vbmt  ^hl»  ecnditioo  or  ovwrfuiaigatlon  do«a  not 

&M  of  tho  objdotivoa  of  this  vopk  ims  to  find  Momm  WMum 
to  avoid  th«  ahovQ  not©d  dimoultloa*     5o«»v«r«  no  w«y  tifts 
1»«l  diseov«*«d  to  alXovlat*  tbo  dasaaco  to  tb*  flour  cnod  tho 
evvrftaigaticoi  occurs.     Aerfttifm,  of  oour»o,  bolp«  to  •llalnat« 
tb»  'TOlatllo  fusslgftnt  that  ima  not  reacted* 

^X3j  forttep  work  MiOfQld  b«  41»Mt«4  to  finilBg  out  *u«t 
what  «3»  raaetion  t^tuMB  nftthjl  broald*  aad  e«r«al  :^ot«lo« 
!••     If  thl«  ware  feaotsi  for  certain  It  algfat  be  poealble  to 
correct  the  difficulty,  olthoueh  the  work  dooa  a^^paara  to  In- 
dleata  t^t  the  reaetioxt  la  aevara  mmwi^  to  ix9*paf«blr  alter 
1^  Tfrotaitt« 

Zt  a«a  tbOBgbl^  tl»at  tbia  foaOgaat  aO^itt  m%%mtk  tb«  dlaulf idto 
llzdEogaa  C-^S-a-)  and  liberate  axOfhTdryl  gpoupa  C-SS),    Thia 
ii^oold  waalcao  tba  protein  etructuro,  aapoolslly  tlie  croaa  llnfc- 
«^Sj^  and  at  the  a«aa  tlaia  «3»  aainiydryl  groupa  abealA  ««»• 
tribute  to  the  off  odora  aaaoclated  with  b&3eing«    3at  tba 
nltrosa^eald*  taat  baa  iduym  that  thara  la  no  llberatloa  of 
sulfhTdryl  SJ^oupe,  even  If  tha  fteigent  aota  directly  en  »» 
aaino  acid  like  eye  tine  or  aethlonlaa.    "rha  latter  aalno  cold 
waa  ^botm  baacttaa,  aa  jiravloualy  noted.  It  1«  not  ppaa«jt  la 
gelatin.     P^irther,  tba  «SC%  gjKwp  of  ta^ia  rnOao  acid  eould 
raaot  with  methyl  broalda  to  glva  an  addition  ecBs^poiaid  (sul- 
fonlTza  oompomA)  tfeat  oould  be  d««aa90Md  by  boat*    !Ib«^cr» 


tt£9«9  «xp«rSs«ita  ^d  z»t  oooTiBa  this  poftilbillty*    IHartiier- 
nor«f  It  vMi  fofond  tb«t  i^b«n  G7»toin*  (containing  a  fXHie  -35 
ffpoap)  is  used  in  bakl&g  It  sftrttedlj  affects  tbs  teklog  quality 
of  floor  but  dod«  not  glv«  objectlcsmblo  odor* 

TTTptophKSit  «as  «»o^«r  tmHao  scid  tasted  bsosuss  of  its 
^flolenc^  in  gslstln  and  baaansa  of  its  i&tls»ta  ralation 
vith  akatel*  aod  ottkap  Indola  derlvativas  that  ara  usually  verr 
odorifwoos.     Sot  it  also  failed  to  civo  any  reaction  with  tba 
ftBd.gant« 

Duriiie  tlis  £»aMBtatlofi  of  nonfttalsatad  flour  tha  noesail 
aicroflora  aay  usa  part  of  tha  at^sp  pfvaact  for  tholr  oao 
s^tabolieau    With  dasttvuetion  of  tAna  :aioronorft  tbia  su^ur 
voold  rao&in  in  tbo  doc^[^  aad  l»9  available  to  tba  yaast*     Ttm 
longer  sttintioanco  of  poa&  farsMntatlon  rcta  isith  tlxa  £\]Bii{^tad 
flotir  could  tharafora  ba  axplaixtad  in  thia  vugmmtm    Bowavar^  a 
itenga  In  tha  starobneigrlaaa  relatiooi^ip  in  tba  ^u^ib  Aia  to 
set^I  broalda  Aalgation  is  not  oxeliadad.    So  iiyirostisatiaM 
bavo  bMm  aiada  in  thia  direction  but  it  is  posaible  that  tba 
bMttida  react i(m  could  rosult  in  eitiMHr  tia*  star<^  l>aix^  aada 
mf  available  to  hTdrolysis  or  tba  watflamm  beooalae  aoro 
available  ftor  bTdrolysls.     In  eitber  ease  thmrm  would  be  a  x»t 
iaoraftae  in  t^aa  aoomt  of  famantable  sugar* 

Cos^lete  or  partial  eliaii»tion  of  the  vieroovsaBtlMsa 
pres^it  in  flour  aii^t  be  of  great  volue  in  preventlBg  tSw 
ilaiiBliipWiT  of  *ro^*  in  braikl*     In  future  atudies  with  oethyl 
bx>aEDtlda  Iteiigetion  of  flours  it  would  be  very  desirable  to 
i!^taioiaa  abstt»r  or  not  flo^2ra  fttaifiatad  at  norsaU.  dowgas  e«B 


AvraXop  rop©«     Ttma  en  laportaat  ooatapllmtlon  to  tba  baking  i»- 
dustrj  could  t*  wmSm^    fwe^ibmman^  mt^^l  broaldo  could  b« 
WMd  as  a  tool  JTox*  dlslnfoatlon  of  :3&t^rlala  ^^xm  baat  ean  not 

<»)»  af^Mta  of  atttorX  broaifia  ftaalgatlon  on  floar  jpapiV 
tloa  tb«x*arM<*a  ara  tvofoXd*    If  vm^  i&  asDaaaalva  wannta  1% 
la  aatrlswntal  to  bakli^  qaallty.    On  tita  otiiar  hand.  In  addl* 
tloa  to  aarving  aa  an  lna*ctloldal  agant»  It  app#ar»  to  liava 
dafinlta  ^roaOaa  aa  an  affaotlvo  gaiKicida* 


AID  COSCLU5I0SS 


tbo  action  of  awthyl  broaldo  on  th«  aiff©ront  ftwotlowi 
of  fXour»  «a»  atudidd*    A  test  wm  dw»lop®d  to  dotdot  v» 
•otiotui  b«t«»«a  th«  f\atc«iit  ias&  protolns*    In  addition,  miam 
tavQSticBtlon  waia  <2oo»  on  tb«  sorptlOG  of  this  ixr^mlo  hallito 
o«  rela^d  to  th«  aolstur©  eositant  of  flour.     Alta«i«ttaMi  of  tli« 
j^grtlcal  a«n^  ^*oportlo«  and  of  baking  q-oallty  d»a  to  broeaida 
T^gijia^  a«r«  ixm»tiptt»d«    Ftsticatlon  vit^  oerbon  di<si(S« 
m&  iMthyl  brorsiaa  vaa  trl<^«    VaeiiMt^  fim  affaota  of  tha 
•ddltlcm  of  avvaral  ikiIdo  aclda,  oacldlalag  aganta,  bydrobpoalo 
aaia,  MuS  siattiyl  aloolioaL  •«?«  atudlad.    FlaaUy,  aooa  work  waa 
Aooa  OB  tbo  aicrobloldal  aotl<»i  of  tha  fVailcKat  and  tha  In^ 
flmnoa  of  ttxia  total  or  partial  atarlliaatlcsi  cm  tba  gaa  pro* 
tfaetioB  and  ^aa  ratontion  of  4len0mm 

Qia  foUovSiv  eonoXwiiona  tmot  ba  m^i 

!•    aat^-yl  broalda  raaeta  wl^  tha  protaln  fractloaa  of 
floor  In  im  ^ciSmowi  way*    Tha  raactlon  Is  alao  glvan  by  protaina 
oontalned  In  oth«r  aatarlaia,  botli  of  oaraal  and  non-oaraal 

natura» 

S«    l&Mk  pvetaina  roast  «itli  M^syl  brosslda  and  ara  sub-* 
att|0Wfit1y  taatad  aith  a  aolutlCHn  of  olooholio  potaasitei  b3f>» 
droKldo  thay  elva  a  ^araotarlatlc,  ratisor  ur^loaaant  odor. 

5*    aoiatoro  eonte«it  la  a  vary  Important  factor  In  tba 
aorptlon  of  ;iotli7l  l^ror^ldo  by  flour*     It  la  advlaabla,  for 
praotlcal  ^nrpoaoa,  to  Itsai^ta  In  tha  natj^oHiood  of  14 

coniant« 
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4*  Bxo«M  luroaido  rosldttos  ftrfdot  th^  physical  properties 
or  floor  doo^ia*    7i>l«  ravolts  in  a  slgtiif leant  detrSatntal 
aotlon  oa  th«  baking  <|uftlit7  of  flour*     ?ha  affoct  of  norrj&l 
l^i^lgation  is  negllgibla* 

5*  ^thyl  broEsid*  lAiovs  a  pronour^od  slorobioidal  action 
mk  tbB  aieroflora  of  flour* 
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«^lK»>  i«  l!3d9bt«d  to  tba  T}Qm  C3b«alcftl  OoapKi/  for 
tto»  r«s«ar<^  grant  i^loh  lasd*  ihla  vork  possible*    He  vishMi 
to  tumg—  hia  •psa*«cl&tlaa  fear  tba  htXp  oad  advloa  givm  ^ 
'DPm  ^Mm  A«  SliallMil>«^r  throoi^oat  th«  reso&r<^  sad  to 
Cp*  Brio  ficMVc  for  adhrice  tn  tJsa  prapaawtlOQ  of  tha  flsal 
sannuscrlpt* 


(1)  vmMMm  V*  n* 

^  t£»  sHkOMtlo  rot&ry  polarisation  of  ocosKnmds  In 
relfttion  lo  their  ol^Kaic&l  eoxuititution;  vlth  obasr- 
vatiott*  csi  tbe  pcNspftTfition  ttod  roljitivo  dansltlM 
of  the  lx>dlo«  axKBlxkBd^  Chtta*  Soe*  l^renA*  1304:  454* 
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